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Micro-electromechanical systems (MEMS) devices have many unique advantages, and offer an exciting
entrance for students into the field of nanotechnology and nanofabrication. In this article, an educational
hands-on laboratory protocol with MEMS devices is proposed. Using a paper airplane, an Arduino, and the
MPU 6050 MEMS accelerometer/gyroscope sensor students are able to create a graphical aircraft
attitude indicator. The data is then processed on the Arduino, which is connected to a computer. The
computer can then run graphics software displaying a digital aircraft attitude indicator showing the roll
and pitch of the aircraft live.
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Micro-electromechanical systems (MEMS) devices have many unique advantages, and offer an exciting
entrance for students into the field of nanotechnology and nanofabrication. In this article, an educational
hands-on laboratory protocol with MEMS devices is proposed. Using a paper airplane, an Arduino, and the
MPU6050 MEMS accelerometer/gyroscope sensor students are able to create a graphical aircraft attitude
indicator. The data is then processed on the Arduino, which is connected to a computer. The computer can
then run graphics software displaying a digital aircraft attitude indicator showing the roll and pitch of the
aircraft live.
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I.

Introduction

MEMS have unique advantages, such as their small
footprint and low cost of batch production1 , which render it suitable for a plethora of applications, from medical
technology to consumer electronics. MEMS rely on several fields of study due to their inherent interdisciplinary
nature. These devices utilize electrical, mechanical engineering, material sciences, and nanotechnology2 . While
there are many different types of MEMS devices, one particularly interesting application of MEMS devices are accelerometers and gyroscopes, especially because of how
ubiquitous they are in everyday technology, such as in
smartphones and airbag deployments3 .
There are two common types of MEMS Accelerometers: the piezoresistive and capacitive accelerometers.
The piezoresistive accelerometer uses a piezoresistor on
a cantilever beam with a proof mass, and vibrations in
the proof mass deflect the beam and change the resistance of the piezoresistor. The capacitive accelerometer,
on the other hand, features a proof mass and conductive
electrodes separated by a small gap, and detects changes
in the capacitance of conductive electrodes originating
from vibrations4 .
Education on these devices, more specifically accelerometers offer a unique learning opportunity since
students acutally use accelerometers when playing games
such as Wii and Oculus. In this paper, we demonstrate a fun and engaging way to learn some principles
of MEMS devices through using accelerometers and gyroscopes. We attach these sensors to a paper airplane
to monitor the pitch, or the tilt, of the aircraft. This
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FIG. 1. Schematic of the internals of a capacitive accelerometer and its mechanism for sensing acceleration

is possible through the combination and integration of
a MEMS device, an Arduino microcontroller, computer
programming, and computer graphics.
The specific device we explored is a capacitive accelerometer, the schematic of such a device is given in
Figure 1. This device is made up of several main components: The electrodes, the body mass, the anchor and the
spring. The change in acceleration of the device causes
the shift of the body mass due to inertia, this change is

Meng et al. (2021)

Published by Singh Center for Nanotechnology

FIG. 2. Arduino PseudoCode. The full code is available at
github7

able to be quantified and mapped to the precise change
in acceleration due measurement of the change in capacitance between the electrodes and the body mass. The
anchor and the spring offer a restorative force to reset
the device.
II.

Experiment

A.

Equipment

For this experiment, the Adafruit MPU6050 board was
used5 , which is a MEMS based board containing a six degree of freedom capacitive accelerometer and gyroscope
pair, also known as an inertial measurement unit (IMU).
In order to connect the MPU6050 board to the computer, an Arduino was also used. The board has SparkFun qwiic compatible connectors, allowing the board to
be connected to the Arduino easily and without soldering, with a STEMMA QT cable6 . The Arduino was
then connected to a computer, and programmed through
the open source arduino integrated development environments (IDE).
B.

Physical set up

To begin the experiment, we first folded a paper airplane of any design. The paper airplane’s role in the
experiment is to serve as a physical model of an airplane,
and does not necessarily need to be able to fly.
Next, the MPU6050 device was attached to the paper
airplane with tape. The MPU6050 device was connected
to the Arduino via a STEMMA QT / Qwiic 4 pin to
male headers cable5,6 . The qwiic end was connected to
the MPU6050, and the four pins were connected to the
Arduino: yellow to SCL clock, blue to SCL data, red
to 5v power, and black to ground. The final step to
complete the physical setup is to connect the Arduino to
the computer.
C.

Software set Up and code

A total of two IDEs were used: Arduino IDE and processing IDE. The Arduino IDE was used to connect to
the Arduino board, which allowed the computer to communicate with the MPU6050. The Processing IDE was
then used to handle graphics and interpret the data.
After connecting the Arduino to the computer, the
Arduino IDE was used to load the Arduino code onto

FIG. 3. Sample Code for Processing. The full code is available
at github7

the computer. The Arduino IDE ran code that read in
data from the MPU6050 board, calculated the roll and
pitch, passed the calculated values through a low-pass
filter, and finally printed the results to a serial port to
be read by the processing code. The low-pass filter is
needed to add stability to the measurements. The Processing code is needed into order to display a graphical representation of our attitude. The code uses the
Adafruit MPU6050 Arduino library to simplify collecting data from the MPU6050 board, the library can be
installed through the Arduino IDE: in the menu bar,
select Sketch > IncludeLibrary > M anageLibraries,
then search for M P U 6050 and install the library as well
as all its dependencies.
The code we utilized for both the Arduino and the processing components was adapted8 , and the pseudo code
out for each is shown in Figure 2.
Uploading and compiling the code should result in the
Arduino outputting the roll and pitch values continuously
via the serial monitor. As one tilts the plane, the roll
and/or pitch values would change and be recorded. We
then sought to display these values graphically in the
style of a mock aircraft attitude indicator, using the Processing IDE (version 4).
An overview of the Processing code is as follows, it read
the serial information being printed from the Arduino
and took these values and mapped them to a graphical interface to display the roll and pitch of the paper aircraft.
One important note is that the processing code should
be launched after the Arduino has been connected to
the MEMS device to allow proper communication. This
code was also adapted8 and the sample code processing
is shown in Figure 3. In the sample code, the serial port
needs to be changed when being run on a new device.
The text /dev/cu.usbmodem141301 must be changed to
2
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FIG. 4. Aircraft attitude results, when the airplane is (a) tilted up, (b) tilted to the right and (a) tilted to the left

ground (Figure 4c).
As the sensor is rotated, the accelerometer on the
MEMS device outputs an integer to the Arduino. Figure
5 depicts a graphical representation of the data plotted
against time. Using trigonometry the data from the x,y
and z axis is transformed into the appropriate attitude
and pitch, which is then represented graphically through
the processing code.

FIG. 5. Graphical representation of the data plotted against
time. Using trigonometry the data from the x,y and z axis is
transformed into the appropriate attitude and pitch

the serial port being used by the Arduino, which can
be found in the Arduino IDE: T ools > P ort. The port
is a string typically starting with /dev/cu.usbmodem on
MacOS, and COM on Windows devices.
III.

Results and Discussion

Figure 4 shows an interactive display of the aircraft’s
position. When the airplane is tilted up, the image moves
down so the center of the graphic is blue, which indicates
to a pilot that they’re facing the sky and tilted above the
horizon (Figure 4a). When the airplane is tilted only to
the right, the graphic is vertically centered but tilted to
the right (Figure 4b). When tilted to the left, the graphic
also tilts to the left, the center brown, representing the

We demonstrated an application of a MEMS device
for education. While this set up works as a good introduction, there are some areas for improvements, specifically on the coding side. The data processing could be
improved to improve stability such as also intaking information from the gyroscopic sensors. Furthermore, the
processing code could be further iterated upon to create a more realistic attitude indicator. Lastly, an additional practical improvement would be the transmission
of the sensor data via bluetooth to allow for the wireless
mounting of the sensor creating a much more immersive
learning experience.

IV.

Summary

We report on an engaging method of demonstrating
some concepts of MEMS devices to educate high school
students or nonspecialists. The Arduino and Processing
IDEs were used to create a graphical aircraft attitude
indicator that would respond to data from a MEMS accelerometer and gyroscope device. It can be paired with
discussions on MEMS devices and how they work, as well
as the benefits and applications of MEMS devices, such
as their size and low cost in terms of education.
3
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